Unusual setting of medical care Background:
Background
Hypothyroidism is the most common thyroid disorder in adults. Its prevalence depends on sex, age, ethnicity, and environmental factors such as iodine intake status [1] . Its management is considered straightforward, as it is based on hormone replacement therapy. Synthetic levothyroxine (LT4) is currently the preferred drug for replacement therapy and is rapidly and consistently effective when administered orally [2] . Injectable preparations and rectal suppositories represent alternatives in conditions that preclude oral administration for long periods. Nevertheless, the treatment of hypothyroidism could be challenging, particularly in surgical patients when well recognized alternatives to oral LT4 are unavailable. To the best of our knowledge, this is the first case reported in the literature regarding the use of LT4 rectal enemas in an adult patient as an alternative to the oral preparations.
Case Report
Our patient was a 53-year-old man who has been on oral LT4 for hypothyroidism for the past 10 years. He presented to the outpatient clinic of an academic tertiary referral center in Northern Jordan with a history suggestive of long-term and progressive gastric outlet obstruction. He sought medical help for upper-abdominal pain and recurrent vomiting that became persistent in the past few days before admission. The patient was dehydrated, cachexic, and weak. He was admitted to the surgical ward for rehydration, nourishment, and a thorough work-up. Upper-endoscopy revealed a large ulcerating mass completely obstructing the pylorus and preventing further advancement of the scope. A biopsy was obtained and demonstrated a gastric adenocarcinoma. Staging computed tomography (CT) confirmed oncologic resectability. Nevertheless, of major concern in this patient was his hypothyroid status, which put him at significantly increased risk of cardiac and hemodynamic compromise at the time of major surgery. His thyroid function test on admission showed the following values: free T3: 1.25 pmol/L, free T4: 3.85 pmol/L, and TSH: 73.63 mIU/L. The laboratory reference intervals were 2.8-6.8 pmol/L, 12-22 pmol/L, and 0.270-4.640 mIU/L, respectively.
Due to the lack of parenteral preparations of LT4 in Jordan, these had to be ordered from abroad and required a minimum of 2 weeks to arrive. Rectal suppositories were also unavailable. Meanwhile, doubling and tripling the patient's usual oral dose of 100 µg/day was attempted in the first week of his admission. However, it failed to provide any favorable response and his TSH level continued to rise. To prove malabsorption, a levothyroxine absorption test was performed. After an overnight fast, an oral dose of 1000 µg LT4 was given to the patient, who was monitored by a physician throughout the test. Blood samples were obtained prior to and at 2, 4, and 6 h following the bolus ingestion to investigate fT4 serum levels. However, there was no change in the fT4 level, indicating no absorption.
We then asked one of the gastroenterologists to try to pass a feeding tube into the duodenum under vision using the gastroscope, but that also failed. Therefore, rectal administration of LT4 via enemas was attempted after obtaining the patient's informed consent. Initially (day 7 of admission), 300 µg of LT4 was ground and dissolved in 500 mL of normal saline and administered as a rectal enema at 6 A.M. fT4 levels were measured at 10 A.M. on the same day, but no response was noted. This amount of saline was used for convenience, as the 500-ml bottle of saline was readily available and the patient tolerated the enema very well. The following day, the dose was increased to 500 µg, but also with no effect. A dose of 1000 µg was given on days 9 through 12 of admission. This only resulted in a slight increase in the level of T4. Therefore, a double dose (2000 µg) was administered on days 13, 14, 15, 16, 17, and 18 and the patient responded appropriately. On day 18, free T3, free T4, and TSH levels were 2.76 pmol/L, 16.72 pmol/L, and 4.24 mIU/L, respectively. Figure 1 demonstrates the patient's response to various doses of oral and rectal LT during the first 21 days of his admission.
On day 19, the patient underwent subtotal gastrectomy with Roux-en-Y gastrojejunostomy and tier 2 lymphadenectomy. By this time, the intravenous LT, ordered earlier, was received and was administered to the patient in the immediate postoperative period. The patient received 50 µg of IV thyroxine and his T4 was 14.72 and 11.33 pmol/L on postoperative days 1and 2, respectively. Unfortunately, the TSH was not available in our lab during that specific postoperative period, but we obtained a normal TSH level before surgery, as mentioned before.
Discussion
In an ironic twist, our patient, who had a condition whose treatment is typically straightforward (hypothyroidism), posed a great therapeutic challenge in the absence of well-recognized alternatives to oral LT4. Initially, higher oral doses were administered, similar to the trend followed in certain conditions [2, 3] . However, this failed to achieve any response, most likely because the patient had a complete obstruction preventing the drug from reaching its site of absorption. The lack of injectable preparations led us to consider the rectal route. Most studies regarding rectal administration (typically in the form of suppositories) are from Japan, where injectable preparations of the drug are yet to be approved. The first reported reference on the use of rectal LT4 replacement therapy dates back to 1990 [4] , in which the authors used rectal suppositories in an animal model and demonstrated that high doses, ranging between 31.25 µg/Kg and 62.5 µg/Kg, were required for an adequate response. A study evaluating the efficacy and pharmacokinetics of LT4 in human subjects with hypothyroidism demonstrated that LT4 suppositories had lower bioavailability and efficacy compared to oral LT4, even though T4 levels can be maintained in patients with hypothyroidism by administering LT4 suppositories at approximately twice the oral dose [5] . The lower bioavailability of rectal LT4 compared to its oral counterpart has been attributed to the low level of release LT4 in the rectum [6] . The rectal route seemed appealing, but LT4 suppositories were also not available. Rectal enemas were administered instead, as the effectiveness and safety of this preparation has been reported in an infant with short bowel syndrome [7] . Furthermore, the comparability of the therapeutic effectiveness of antithyroid drugs as enemas to suppositories, with a higher bioavailability in favor of enemas, was encouraging [8] . Initially, we administered rectal enemas within the range of twice the oral dose. However, the lack of an adequate response eventually led us to use the dose range used in the animal study mentioned earlier. A dose of 40 µg/Kg (2000 µg) administered on days 13 through 18 achieved a biochemically and clinically adequate response (Figure 1 ). The high dose required to achieve euthyroid status in our patient may have been caused by the limited time for which the patient could hold the enema before needing to defecate. This alternative route and method of administration, despite being potentially inconvenient to patients, was safe and effective. Furthermore, it was less costly when compared to the injectable preparation and required no aseptic handling or specialized preparation methods.
Conclusions
In conclusion, rectal enemas of LT4 at high doses can be a useful, safe, and effective alternative to oral LT4 in conditions precluding oral administration, particularly when well-recognized alternatives to oral preparations are not available. This report provides an alternative for the parenteral levothyroxine supplementation when the oral route is not possible, especially in less developed countries. It may also advocate for increased availability of rectal levothyroxine preparations worldwide.
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